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SUMMARY

Rotating bending fatigue tests have established that glass bead and
alumina grit blasting have only a slight effect on the fatigue properties
of 2014-7T6 aluminium alloy. Exposure to salt fog for 8 hours Or altsrnate
immersiun in 3% salt solution for 3 days reduces the fatigue strength from
170 MPa to 107 MPa and 64 MPa respectively but substantial improvements in
fatigue strength may be achieved by abrasive blast cleaning to remove the

corrosion.

Total iimnmersion tests made in 342 salt solution to examine the effacts
of abrasive blasting on corrosion have demonstrated that the corrosion rate
and type of pitting attack on 2014~T6 aluminium alloy sheet ars dependent
on the abrasive used and on the amount of corrosion which has occurred

prior to blast c:xlnmu'u;/;‘.i
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i INTRODUCTION o
Impact blnttingicnchniqucc such as shot peening and abrasive blast cleaning are i}iﬁv :
widely used in the aarospace industry for the preparation of metal surfaces. In shot b
pesning operations, the workpiece is blasted with a high velocity stream of ypherical par-
ticles such as glass balls or steel shot in order to induce cowpressive stresses into the e
[ty
surfaca. The process is mainly used to improve the fatigue strength of components and to :i{;
sive improved resistance to stress corrosion cracking. Abrasive blast cleaning is usad to nin
remove corrosion precducts or scale from matal components or to roughen the surface in pre- L;u{
parstion for bonding, painting or matal coating. The abrasives which are employed include '“,é
) slumina grit, angular metallic particles, crushad slag and smooth glass beads.
In recent years abrasive blnot.clnnning with either smull diametar glass beads or >
fine alunina grit has been used to blend out corrosion damage on aircraft. One area whera F’f&
it has proved to be invaluable has been in the repair of corrosion damage which sometimes ﬁ}ﬁw
oceurs adjacent to countersink fasteners, particularly on upper wing skins. Prior to the bﬁp
. introduction of abrasive blast cleaming, the corrosion was blendad out by huad using metal :rﬁ}
: wool, abrasive pads or small abrasive wheels mounted in a power drill, This could taka up 35*?
§ to 2 hours for a single fastemer head but by using abrasive blasting techniques this time 1
% has been raduced to a few minutas. ' &%ﬁﬁ .
. ] P
o When abrasive blast clesaing wethods were first imtroduced for use on military air- ;b}f
! craft glass beads were preferred to alumina grit becsuse thay readily remove brittle }ﬂ}:
corrosion products but remove little of the ductile mutal substrate, It became apparent, s
howsvar, that although the surface appeared free of corrosion aftar blasting the pesning oo
action of the glass beads could deform the surface layars and cause small pockets of éfﬁ'
corrosion in pits or intergranular sites to become trapped. There vas concern that these Ziﬁi
pockets of buried corrosion wight act an strass concentrators which could accelarate ﬁi;-
fatigua crack initiation or allow emhaucad corrosion attack. A change to alumina grit Py
blasting was tharefore made in order to ensure that all the corrosion was blended ocut even
though this would lead to a significant amount of metal removal. }}}
The aim of the present work has bean to quantify the effects of abrasive blast k}k?
cleaning on the fatigue and corrosion of a 2014~T6 aluminium alloy which is used exten- h,'j
\ tively in airframe construction in the UK. .
2 | EXPERIMENTAL PROCEDURE . S
2.1 Materlals Q};:
f .-\\‘:' "
Tha 2014~T6 aluminium=copper alloy chosen for this investigation was available as | A
both sheet and plate material. OSmm thick plate to B8 LI3 was used for the fatigue avaluw- ' L»
tion programme and | mm sheet to BS L150 was employed for the corrcsion studies. _ {yi
'\, "\.‘: -
2.2 Abranive blast clusning :ﬁ\f
Abranive blasting was carvied out using a Junior VP machine which i{s manufactured by ; }%if
Vacu Blast Ltd and is similar to equipment currently in servica with the Royal Air Forcu. | F ;

The Wlasting pressure van waintained at 550 kPa and the distanca betwean the gun nozele
and “he workplece at asbout 40 wm, valued representative of thoso usad in service. Both
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|

180-220 mesh alumina grit and 75-150 um glass beads were used in this programme and blast-
ing was carried out until complete coverage was achieved. Test coupons used in the
corrosion evaluation wers hand held, but cylindrical specimens, used to study the effects
of sbrasive blast cleaning on fatigue, wers mounted in a small jig which allowaed them to

be rotated during the blasting operation.

2.3 TFatigue tasting

Tatigue specimens to the design in Pig | were machined from the 8mm thick 193 plata
with the specimen axis parallal to the rolling direction. One set of spacimens was
corroded for 8 hours in 5% neutral aalt fog (BS 5466, part 1) and s sacond sat was
corroded for I days by alternate immersion in 3{X walt solution (ASTM G44), A selection
of the as-sachined and corroded specimens were abrasive blast clesned using either glass

beads or alumina grit prior to fatigue testing.

D T O e e D it + e o A T e W g B, (3

o s o

Fatigue tests ware made to establish the effects of corromion, of abrasive blasting,
aud of corrosion followed by abrasive blasting on the fatigue strength of L93 alloy. All
fatigus tusting vas carried out on a rotating bending machine operated at a fraquency of
100 £ 35 Ha, Tests were continuad for at least 5 % 107 cycles unless failure occurrad

sarliar.

2.4 Corroaion tasts ;

Weight loss experiments ware made on small coupons approximately 40 om X 25 mm cut
from the L150 sheet and drilled with & 2 um dismeter hole approximataly 5 mm from the
centrs of one of the short sides. Coupons ware then either wet sbradad on grade 1000
silicon carbide paper, or abrasive blasted with glass beads or alumina grit., After wash-
ing with acetons, tha coupons. wers dried snd weighed to tha nearest 0.1 mg., Each coupon

was suspendad by & glass § hook so that it was completaly immersed in 90 ml of 3{% NaCl
To reduca evaporation lossss, the beakers were placed ;

The temperaturae of the water bath was held

contained in a polythene beaker,
in & water bath covered by a transparent hood.
at 25 £ 0.5°% throughout the 3 weak test period., Coupons wera removad after various

imsarsion times, washad in running watmr and freed from corrosion product by {mmersion in
a gently boiling aqueous solution containing 7.5 g/l chromium trioxide and 5 ml/1 phos=
phoric acid for 20 minutes. After rinsing in water and acetone, the coupons were dried

and reweighed. e

it e

A sscond sariaes of immersion tests was made on material which had been corroded 0§ t A

, b R ol

bafors abrasive blast cleaning. Sets of coupons were prepared by wat nbrading and then %; t$;.
immerming in 3% salt solution for either 1, 4, 7 or 12 days. The corroaion on the ‘11 -

b 2

coupons wae then removed by sither alumina grit or glass bead blasting. Aftne weighing
coupons ware ch~immersed in J}% salt solution for variovus timuy, clawmmed & chromie-
phosphoric acid solution and rewsighed. Snlacted welght lods coupona wore oxamined using

optical metanllography to dutermine the size and distribution of plta after corrosion.
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k} RESULTS AND DISCUSSION

3,1 Effect of abrasive blast cleaning on fatigue

The fatigue data obtained for material in the as-machined condition are presented

[

in Fig 2a in the form of an $-N curve (stress versus number of cycles). The curve has
been used as the baseline against which the effects of abrasive blasting and corrosion on

fatigue have been asuassed.

Fig 2b&c shov that at high stresses glass bead blasting gives some improvement in
fatigua life but at lower stresses the data points for glass bead and alumina grid blasted
specimens fall within the scatter band of the as-machined material. Estimates of the
fatigue strength at 107 cycles are giver in Table 1.

ISR,

¢ reemi A

The results for alumina grit blasted material are in keeping with those reported by
Myllymaki and Mcbomld1 for a 7075-76 aluminium alloy which showad that sabrasive blasting
with either fine alumina grit oxr coarsar arushed slag grit had little effect on fatigue
atrength,

Vary little data have besn published on the effects of blasting with small diameter
glans beads on the fatigus properties of aluminium alloys. 8S=N data obtained by
Flﬂlkﬂ.tz demonatrated that glass bead blasting fncrnllcd the fatigue strangth of forged
2014~16 aluminium alloy, B8 L65, from 223 MPa to 254 MFa at 107 cyclas:. The glass beads ]
used vere 120 to 220 um in dimmetar, slightly larger than those smployed in the present
study (75-~150 um) but considervbly smaller than the ones generally used for shot pesning
purposes (600-800 um).

The fatigue propertias aftar sbrasive blasting will be influenced by the surface
roughness and the reeidual stresses at the surface of the component. Daesp notches or
plts tend to shorten the fatigue crack initiation stage whilst cunprouﬂ}vo stresses act
to prevent the nucleacion of fatigua crack and so extend the fatigue i1ife. In the present
work optical studies of sectioned and polished fatigua specimens show that the surface
after glass bead blasting is free of notchas whilst soma small notches are visible on
alumina grit blasted specimens, the largest of which are approximately 80 nn‘dcnp.
Myllymak{ and chonnld1 suggest that any deleterious effact of notches produced by grit
blagting may under some circumstances ba offset by the benaficial effucts of the
comprasaive stresses introducsd by the blasting operation. It seems uniikely that, in the

prasant tssts, residual compressivestresses will play a significant role in inhibicing the
nuelention of fatigue cracks after alumina grit blasting: data presented by Birlaey gt aZ3
indicate that when the alumina particles are 6585 um diaweter (egquivalent to tha 180-220
oesh sise used in this investigation) the compressive surfacs stress is only 17 mPa and
the dapth of the cowprensive layer is less than 100 um., It i concluded that the small
notches prasent after alumina grit blasting, probably shallowar than the compressive
layer, are unlikely to give rise to early fatigue crack initiationm,

The situation may be rather different after glass bead blasting whera high
compresnive stresses may be present at the surface. Measuremencs made by Blrlaya on an
aluminiwmzine-magnesium alloy hava shown that abrasive blasting with small glass beads
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gives a surface compressive stress of 250 MPa. This ia similar to the residual stresses
meagurad by KUhlers and of the same magnitude as the stresges resulting from peening with
coarse stoel shot reported by Hnwkes6. Gaillard et al7 and Was at ala. However the depth
of the compressive layer, which secording to Was st ala must be large to obtain maximum
improvement in fatigue life, is dependent on tha diameter of the glass beads used.

Birlcy‘ has shown that with small diameter beads, similar to those used here, the depth of
the compressive layers is probably lass than 50 um whilat othar ltudill6-8 have
astablished that peening operations using 600 ym diamater shot can produce a compressive
layer greater than 400 pm deep., The shallowness of the comprassively stressed layer
following abrasive blasting with small diameter glass beads suggests that the process will
give only minor {mprovements in fatigue lifse, which is in line with the fatigue data in
Pig 2c.

3.2 Effect of corrosion on fatigue

The fatigue curvas in Fig Jadd demonstrate the catastrophic effects which prior
corrosion can have on thu fatigue bahaviour of L93 aluminium alloy., B hours exposure to
neutral salt fog generates sufficient corrosion to reduce the fatigue strength from
170 MPa to 107 MPa, Small coupons of the alloy given the same corrosion treatment were
found to have an average veight loss of 70 u./cnz and an average pitting depth of 20 um.
Material which had beun more severely corroded by alternats immersion im 3}% salt solution
for 3 days exhibited a further reduction in fatigue strength as indicated in Table 1. In
this case the weight loss wvas 1100 yg/em” and tha pitting depth 120 m.

.

Several investigations hava been made into the effects of corrosion on the fatigue
of aluminium alloys. Weston and wtilon9 for axampla carried out tension-tansion fatigue
tests on round bar specimens machined from 23 wm thick 7010~T7631 aluminium alloy and
found that the fatigus strength was reduced by 70 MPa when spacimens were pte-sxposed to
8 hours 5% salt fog (ASTM Specification B117)., In a study of the aluminium alloy 7075-16,
't Hart ot at!? looked at the effects of corrosion on the fatigue 1ife of tension-tansion
sylindrical specimens tested undar constant amplitude loading. Corrosion was induced by
alternate immersion in 3{¥ salt solution for various times up to 384 hours. After
48 hours exposure, the fatigue life was reduced from 1.9 x 106 cyclas to 2.1 x 103 eycleos,
't Hart ¢t gl obmerved that increasing exposura times produced further decrsases in
fatigue life but the drop was not proportional to the corrosion time, The fatigue life
vas found to be vary dependent on the depth and demsity of pits, and mu:nllog;nphy
reveslad that fatigue cracks nucleatad at corrosiom pits. Pnnont has shown that for a
number of aluminium alloys including unclad 2014-Té sheet that the first 80 pm of pitting
accounted for most of the loss in fatigue strongth, desper pitting led to further small

reductions in fatigue strength,

"The fatigue results, which have becn obtained, follow the genaral trend which has
been identified in the various studies deoncribed above. Swall pitus can drastically roeduce
the fatigue 1ife and fatlgue strength. An the pit size is increased furcher reductions in
fatigue propurties may occur but thess will not newcessarily be proportional to the depth
of attack. At strosses near the fatigue strength, the initlation atage accounts for most
of the fatigus life with the crack propagation stage probably cccupying Less than 207,
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If defects such as corrosion pits are present at tha surface, thay will act as stress
raisers and assist in the initiation of fatigua cracks, When the pit depth is
sufficiently large, the initiation stage will be almost eliminated and the Fatigue life
will be a fraction of the unpitted material. Further increases in thae depth of pitting
will therefore only yield relativaly small reductions in fatigue life.

3.3  Recovery of fatigus properties by abrneive blast cleaning

Fatigue data for corroded specimens which wers cleaned using either alumina grit
blasting or glass bead blasting are veproduced in Fig 4 and show that substantial improve-
ments in fatigue life can be achieved. Values of the fatigue streng:h are included in
T‘bl. 1 v

The porcantage recovery in fatigue strength, R , may be calculated from the data in
Table | using the following exprassion,

g, =0
"_,CHOO (1)
n - %

whete Oy is the fatigue strength of the as-mechined material, e is tha fatigue
strangth after a corrasion treatmeat, and 9% is the fatigue strength after the corrosion
products hava besn removed by abrasive blast cleaning,

. A valea of R = 0% indicates that thare has baen no improvement in fatigue strersth
whilst R @ 1008 i{mplies that the fatigue strength of the as~machined material has been
completely ragovered.

The values of R caleulated using equation (1) are listed in Table 2, For material
which waa exposud to 8 hours salt fog before taeting a slightly graater parcantage
recovery in fatigue strength can be achieved by cluaning with glass beads (843) rather
than alumina grit (68%), YEven with heavily pitted matarial, a 53X racovery in fatigue
strength ia possible using glass bead blasting.

The rosults discussed sarlier suggest that any compressive strasses introduced into
the surface am a result of alumina grit blasting will do littla to inhibit the initiation
of fatigua crucka. Instead the main action of the cleaning process is to blend out tho
corromion pits to leave & shallow depression. When glass bead blaating is used, the rate
of metal romoval is much lower and the paening action of tha bsads will plastically deform
and smooth cut matarial at the basa and sides of the pits rendering them less efficiant as
stress raisers,

3.4 Effect of abrasive blasting on corrosion

In the first paries of experiments the effect of surfacc £inish on the corrosion
behaviour of L150 sheet was lnvestigated. The weight loss data plotted as & function of
tha immersion tiwme in ¥ig % show that the rate of corvosion is depandent on the type of
surface Lrvatment which was sppliod, Aftor 21 days {mmersion the corrosion rate was
astimated to be 3,6 mg dm“2 day“ following wet abrading, 4.2 mg r:lm-2 dny-' after alumina
grit blasting and 2,0 my dn°2 duy-1 for sheat which had boen impact blasted with glass
beads, Au cxamination of the weight lonn coupons using optical wicroscopy revealed that o
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few tairly large pits (>1 nm diameter) develop on the surface of the samples which have
bean glass bead blasted whilst on the wet abraded and alumina grit blasted specimens a
large uumbar of smaller pits form. These differences ara clearly shown by the histograms
in ?ig 6 which give the distributions of pit dismeters for the thres surface conditions
following 21 days immersion,

The secoud series of corrosion experiments undertaken were designed to invastigate
the effects of corrosion prior to abrasive blasting on the corrosion behaviour of L150
sheat. The weight loss data have been plotted as a function of the immersion time in 3{X
salt solution in Figs 7 and 8,

Fig 7 refers to coupons which were alumina grit blast cleansd and shows that when
the prior corrosion treatment is 1 to 7 days, there ias very little if any increase in
corroaion rute comparaed to L150 grit blastad before corrosion. Extending the prior
corrosion treatment to 12 days gives a slight increase in the corrosion rate, but the rate
is still lass than that for wet abradad material, The situation is rather different with
glass bead blaot cleaned samples. Fig 8 shows that with prior corrvosion trestment of 1 to
7 days thare is a slight incrassa in corrosion rats, compared to L150 glass bead paened
befora corrosion, but with a 12 day prior corrovaion treatment thuare is a largs increase in
corrosion rats., The sequence of optical micrographs reproduced in Fig 9 indicutes that
the pattern of corrosion cbsarved in the preliminary experimenta is vepeated provided the
prior corrosion treatment does not sxcesd 7 days. After 28 days immaersion the surfaces
of the coupons which wars glass bead blast cleaned appear to be frae of covrosion apart
from 4 faw large pics whilst large areas of pitting are seen on the alumina grit blasted
samples., The histograms in Pig 10 cemparing the distribution of pit diameters after
corrosion emphasise the differences between the glass bead and alumina grit blasted
naterial,

The incrasse in corrosion rate observed with glaws bead blast cleaned material which
vas given a prior corrosion treatment of 12 days is sssociated with u change in the type
of corrosion attack. The optical micrographs in Flg 9 show that after 23 days immersion
in 3{% salt soluticn, the surfaces of both the alumina grit and zlass head blapted samples

wers covered with many small pits.

In the absence of a datailed electrochemical study only a tentstive explanation of
the affacta of abrasive blasting on the corvosiou of aluminium can be offarnd, based on
current thaorios of pltting. An assessment of the processes leading to pit nucleation in
iron and aluminium has recently been made by Janik-Czachor et al'z. The authors have
conalderad the growing avidence in favour of the invelvement of flaws or weak spots, which
are prasunt in tha oxide film, in tha initiation of pita ov aluminium. The £lawn are
thought to bn asnociated with graln boundary triple points, pracipitates and intermetallicy
in the metal nuly vate, Wood at aZ,3 had propoaed earlior that pits [nieinte at flaws
and propagntn by metal dissolution into the subutrate, thus undewmining the oxide f{lwm.
Changes in the surface structure will alter the number aud type of flaws which form Ln the

uxlde £Ltm and consequently atfeve the pict ing buhaviour,

Duting aluming grit blasting, metal in removed from the suefoace and the lavel of

compreasive ntrousus fntvoduced s swall, The surface wil! be slaltar i structore to an
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abraded surface and the oxide film which forms will comtain a similar density of flaws ro
the air formed oxide film on an sahraded surface. When glass bead blasting is undertaken,
the hammering action of the beads plastically deforms the surface metal and dastroys the
grain structurs, The process tends to break up pracipitates and intermatallics in the
surface, snd creates a thin highly stressed homoganeous layer., Fever flaws will ba
present in the oxide film so that there will be a smaller number o!_sical availabla for

pit nucleation,

. The growth of corrosion pits is to a large axtent controllad by the relative arveas

, of the cathodic and anodic eites on the surface of the wmetal. A small anode area coupled
to a large cathode arss will lead to very intense localised attack and this is tha situs-

., tion which probably exists after glass bead blasting. The numbar of anodic sites or
flaws is smwall but the ciathode ares is relatively large so that a faw large pits will

form.

i)
a A

The ability of the glass bead blasting procass to eliminate the effacts of prior
corrosion on subsaquent corrosion behaviour will clcarly depand on the depth of the
initial pitting attack. Small pits way ba swoothed out by the blasting operation so that
thay do not give rise to flaws in the oxide filw which forms on the surface, but this will
not be the casa with deeper pits. It is suggestad that many of the pits vhich formed on
wmaterial that was fivst corroded for 12 days and then glass bead blast cleaned vere
associated with pits prosent after the {nitial corrosion treatment.
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The results prasentsd in this ssction show that the type of abrasive blast cleaning
process smployed can strongly influence the form of localised attack which can oceur,
More resemrch is required bafore s detailad sccount of the mechanisms involved can be
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[ CONCLUSIONS

Concern that abrasive blasting with glass beads could lead to a loss in fatigua life
appears to be unwarranted. Any effects which glass bead blasting or alumina grit blasting
nay have on the fatigue properties of L93 plate are negligible in cowm,arison to the effact
of corrosion. Teats have shown that sxpoosure to alternata immersion in salt solution for
3 days {s sufficient to reduce the fatigue strength frem 170 to 64 MPa. This may be com-
pared with & reduction of 5 MPa whan spacimens are alumina grit blasted before testing and
a slight incresse in fatigue strength of 5 MPa when glass bead blasting is employed,
Patigue tamts heve further demonstrated that a high percentage of the facigue strength
logt as & result of corrosion may be rscoverad by removing the corrosion with abrasive
blast cleaning, Even with severaly corroded material, significant improvements in fatigue
strangth can be obtained by cleaning the surface with glass beads, The beneficial affucts
derived from sbrasive blast cleaning are thought to arise from a blending out of atreas
concentrators such as corrosion pits. Compresaive strsssct {ntroducad by glamn bead
blanting arm believed to play a relatively minor role in luhibiting the initiation of
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fatigue ~rncks,

Total immetsion tests reveal that the corrosion of L150 aluminiuwm alloy shaet {4
Glass bead bLlamting reduces the corronion rato to

dependent on the surfacs preparation.
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approximately a third of that of the wet sbraded material and restricts the corrosion to
the formation of a few large pits., Alumina grit blasting also reduces the corrosion rate,
but attack is similar to wet abraded material, the surface being covered with wmany small
pits. Tests on corroded material which was abrasive blast cleaned and then recorroded
have shown that provided the precorrosion trestment was not longer than 7 days in 342 salt
solution the pattern of corrosion is repeatad, Increasing the initial corrosion treatment
to 12 days in 34X salt solutiom changes the nature of the attack on glass bead blasted

samples from a few large pits to widespread pitting over the whole surface of the test
coupon,

The naturas of the pitting attack after glass bead blasting is disturbing., In many
in-tgncnn the presence of a siugle large pit in the surface of a component can be mora
"damaging than when the surface is coverad with many shallow pits. The decisicn to adopt
alumina grit blasting in some cases, {n preference to gluss bead blasting for the removal
of corrosion damagoe on military aircraft, appears to have soms justificacion.
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Table 1

FATIGUE STRENGTH (MPa) AT 107 CYCLES

Prior corrosion

Notie

8 hours salt
fog

3 days alternatas

immersion

As machined

Alumina grit blasted

Glans bead blasted

170 107
165 150
175 160

64

120

Iable 2

PER CENT RECOVERY IN FATIGUE STRENGTH

Prior corrosion

Abrasive blasting

X racovary

, 8 houvs salt fog
8 hours salt !oq

3 days Al

Alumina grit
Glaas beads

Glass beads

68%
84%
53%
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